Mechanism of chitosanase-oligosaccharide interaction: subsite structure of Streptomyces sp. N174 chitosanase and the role of Asp57 carboxylate.
We have investigated the mechanism of the interaction of Streptomyces sp. N174 chitosanase with glucosamine hexasaccharide [(GlcN)(6)] by site-directed mutagenesis, thermal unfolding, and (GlcN)(6) digestion experiments, followed by theoretical calculations. From the energy-minimized model of the chitosanase-(GlcN)(6) complex structure (Marcotte et al., 1996), Asp57, which is present in all known chitosanases, was proposed to be one of the amino acid residues that interacts with the oligosaccharide substrate. The chitosanase gene was mutated at Asp57 to Asn (D57N) and Ala (D57A), and the relative activities of the mutated chitosanases were found to be 72 and 0.5% of that of the wild type, respectively. The increase in the transition temperature of thermal unfolding (T(m)), usually observed upon the addition of (GlcN)(n) to chitosanase mutants unaffected in terms of substrate binding, was considerably suppressed in the D57A mutant. These data suggest that Asp57 is important for substrate binding. The experimental time-courses of [(GlcN)(6)] degradation were analyzed by a theoretical model in order to obtain the binding free energy values of the individual subsites of the chitosanases. A (-3, -2, -1, +1, +2, +3) subsite model agreed best with the experimental data. This analysis also indicated that the mutation of Asp57 affects substrate affinity at subsite (-2), suggesting that Asp57 most likely participates in the substrate binding at this subsite.